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Experimental Studies on Heredity in Rabbits. (Assisted by the 
Elizabeth Thompson Science Fund.) By C. C. Hurst, 
F.L.S. 

[Read 15th December, 1904.] 

Tne following experiments were designed in 1902 with the object 
of determining whether the Mendelian principles of heredity 
were applicable to animals as well as plants. For that purpose 
the domestic Rabbit seemed to be a likely subject, as many of 
the fancy races were well known to possess distinct structural 
and colour characters which constantly bred true. 

At first, in order to make the experiments as simple as possible, 
two races only were selected for crossing, White Angora and 
Belgian Hare. The former is an albino race with pink eyes, 
swaying habit, and along Angora coat of fine texture; while the 
latter is a normal race with pigmented skin, dark eyes, and short 
yellow-grey fur of coarser texture. An inbred pair of each race 
was crossed reciprocally, and the hybrids of the first generation 
were all normal individuals with pigmented skin, dark eyes, short 
fur, and grey coat like that of the common wild rabbit. Those 
by the albino buck were all self-coloured, while those from the 
albino doe were, with one exception, more or less marked with 
white on the fore extremities. These grey hybrids bred together 
produced 14 distinct types in the second generation, viz. :— 


Short, normal *, grey, self-coloured. 

Short, normal, grey, marked. 

Short, normal, grey, Dutch-marked. 

Short, normal, black, selt-coloured. 

Short, normal, black, marked. 

Short, normal, black, Duteh-marked. 

Short, albino t, white. 

Angora, normal, grey, self-coloured. 

Angora, normal, grey, marked. 

Angora, normal, grey, Dutch-marked. 
oM Angora, normal, black, self-coloured. 

Angora, normal, black, marked. 

Angora, normal, black, Dutch-marked. 

Angora, albino, white. 

* Pigmented, with normal demeanour (see p. 292). 

t Unpigmented, with swaying habit (see p. 292). 
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All the normals had dark eyes and the albinos pink eyes. 
Several types appeared iu the same litter, and each individual 
hybrid produced all the types. 

This epidemic of variation in the second generation of hybrids 
has been the common experience of experimenters both in animals 
and plants, and before the Mendelian principles became known 
remained practically unexplained. By the aid of the Mendelian 
principles we are able to see at once that there are at least 4 pairs 
of distinct characters concerned in the offspring of the second 
generation, each pair being inherited independently of the others, 
viz.:—Short and Angora coat, normality and albinism, grey and 
black coat, self-eoloured and marked coat. 

In order to simplify such a complicated problem, each of these 
4 pairs of characters will be dealt with singly, and the offspring 
of each individual detailed separately. To facilitate this, each 
individual was numbered as soon as it was used at the stud, 
which number is reserved solely for that individual throughout 
its life. 

The 4 individuals used at the outset were as follows :—No. 1 
doe and No. 4 buck were pure bred Belgian Hares raised out of 
the same litter. No. 2 buck and No. 3 doe were pure-bred 
White Angoras, both by the same buck but out of different 
does. 

These 4 individuals were obtained from loeal fanciers, whose 
pure and constant strains had been under observation for several 
years, so that no extensive tests of their purity and constancy 
were deemed necessary. For the purpose, however, of securing 
young stock for further experiments, 4 litters, containing 28 
individuals, were raised from the pair of Belgians aud the pair 
of Angoras ; all of these bred true to their parents in all the 
characters with which we are concerned. 


(1) SHORT AND Ancora Coat. 


The coat of the “ Belgian Hare " rabbit, in common with that 
of the wild rabbit and most of the domesticated races, is made 
up of short coarse fur, the longest hairs of which seldom exceed 
one inch. 

The coat of the Angora race consists of long, fine wool, the 
longest hairs of which often exceed six inches. 

The two kinds of coat are uumistakable, not only in the 
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exireme difference in their length, but also in their texture. 
The Angora coat is finer and softer in texture than the short 
coat, and, unless constantly combed out, quickly becomes matted 
and woolly, unlike the short fur, which lies back quite flat. 

As already noted, both kinds of coat breed true when mated 
with their own kind. 


(a) First Generation (F,). 


No. 1 doe with short coat mated with No. 2 buck with Angora 
coat produced 26 hybrids with short coats. 

The reverse cross, No. 3 doe with Angora coat mated with 
No. 4 buck with short coat, produced 16 hybrids with short coats. 
In general appearance the hybrid short coats were indistinguish- 
able from the pure short coat, the influence of the Angora 
character not being apparent. A careful examination, however, 
revealed what appeared to be faint traces of the Angora influence 
in both length and texture. The hairs of the hybrid coat were 
slightly longer, seemed softer to the touch, and were apparently 
more densely distributed than in the pure short coat. At the 
same time it must be admitted that these apparent traces of 
the Angora influence were so small, that had one not known the 
Angora parentage it would never have been suspected. In Men- 
delian terms, therefore, short coat may be said to be dominant 
over Angora coat, which is recessive. 

Further experiments recently carried out show that the short 
coat of other races, as well as the Belgian Hare, is similarly 
dominant over the Angora coat. Altogether, 87 hybrids bave 
been raised by crossing shorts with Angoras, and all have short 
coats, no matter whether the Angora was used as the male or 
female parent. It appears, therefore, that in these cases the 
phenomenon of dominance is peculiar to the character itself, 
and is not in any way influenced by change of sex, change of 
individual, or change of race. 

The following table gives the results of the individual matings. 
S — pure short coat, A — pure Angora coat, and the numbers 
attached to these letters refer to the individual animals used. To 
save repetition, it may be noted that the doe is placed first 
throughout the matings; e.g., B1 x A 2 is No. 1 doe with short 
coat mated with No. 2 buck with Angora coat; Nos. 1, 4, 18, and 
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25 are Belgian Hares, No. 47 is a Silver Fawn, Nos. 51 and 52 
are Dutch, No. 61 is a Himalayan, and Nos. 2, 8, 23, and 50 are 
Angoras. 


TABLE 1. 
Shorts x Angoras (T,). 

Matings. Short. Angora. 
pd AD See ree 26 0 
A SL a Ae Serr ees 16 0 
A OM DEDERE ony iat EP 8 0 
DS cae ANM Eds 4 0 
A 98 XS 25 MEE. ME . 13 0 
4.998 x5 01 NE c ER 7 0 
A50 xS c senec eo 0 
SUDO ANDE on Es MM 5 0 

WE Ota arene cae eiaye 87 0 


(b) Second Generation (F,). 


The short-coated hybrids of the first generation bred together 
produced a mixture of shorts and Angoras in Mendelian 
proportions. 7 short-coated hybrids bred together produced 
171 young, of which 70 were reared to the age of two months or 
more, when the nature of the coat became evident; of these, 53 
had short coats and 17 were Angoras. 

The Mendelian expectation for 68 young is 51 shorts and 
17 Angoras. 

The Angora coats of the second generation were indis- 
tinguishable from those of pure-bred Angoras of the same age. 

The short coats of the second generation were similar in 
appearance to those of the pure and hybrid shorts. 

Each individual hybrid of the first generation that was tested 
produced both kinds of coat, usually in the same litter. 

The individual results were as follows :— No. 5 gave 6 shorts 
and 3 Angoras ; No. 7, 88 and3 A; No. 8,28 and 2 A; No.9, 
24 Sand 8 A; No. 10,37 S and 11 A; No.11, 13 Sand 4 A ; 
No. 12, 16 S and 6 A. 

The following table gives the individual matings with the 
details of each litter. H = hybrid of the first generation bred 
from. S x A. 
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TABLE 2. 
Hybrid Shorts bred together (F,). 

Matings. Short. Angora. 
TDS) S< TEI a eoe ee 5 DE 
GSC le Ue ee if iji 
EE EL 1008 a a e 2 1 
BLF EAA coot a a E un l 
BET os TS E13) ea a E 4 1 
BES ee eese rere l il 
Jobi dr wb ur 1 1 
Em H VOR Lo want ere ne i m 
TROR H all). a ode : 2 
(co aes H IQ E E Lec 2 1 
EERO UH 109 A 4 0 
Hox H IO ui 6 1 
Ep H ISO 2 00539825 5 2 
ELO Sc, I2 ee uocis vs 6 2 
H SCRI OE c cer S wes 2 0 

Total A S UE. 53 17 


The short-coated hybrids of the first generation mated back 
with the original Angoras produced a mixture of shorts and 
Angoras in Mendeliau proportions. 5 short-coated hybrids 
mated with Angoras produced 54 young, of which 38 were reared; 
of these, 20 had short coats similar in appearance to those of the 
pure and hybrid shorts, while 18 were Angoras indistinguishable 
from the pure Angoras. The Mendelian expectation for this 
mating is 19 shorts and 19 Angoras. 

Curiously enough, in the first litter H 8 x A 2 produced 
5 young, all Angoras, while in the second litter there were 
3 shorts and 3 Angoras, as expected. The following table 
gives the numbers obtained in each litter from the individual 


TABLE 3. 
Hybrid Shorts x Angoras (F ). 
Matings. ` Short. Angora. 
HODA 2 Scanere A 3 
HORTA OD. .....- nc 0 5 
BLF $4 0207 NEMUS soa 4 
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2 short-coated hybrids of the first generation mated back with 
the original short produced 20 young, of which 17 were reared. 
All had short coats similar in appearance to the pure and hybrid 
shorts, in accordance with the Mendelian expectation. 

The matings were as follows :—S 1 x H 12 gave 11 shorts in 
two litters, and S 1 x H 10 gave 6 shorts in one litter. 


(c) Third Generation (F,). 


The Angoras of the second generation extracted from the 
hybrid shorts of the first generation bred quite true when mated 
together and with pure-bred Angoras. 

9 extracted Angoras mated together and with Angoras 
produced 41 Angora young, all indistinguishable from pure- 
bred Angoras, in accordance with the Mendelian expectation. 
26 of these were raised from the extracted Angoras bred 
together. 

The individual matings were as follows. E A = Extracted 
Angora. Nos. 26, 33, 37, 58, and 54 were extracted from 
H x H, while Nos. 16, 20, 41, and 42 were extracted from 
iiec A. 


TABLE 4. 


Extracted Angoras x Angoras (F,). 


Matings. Short. Angora, 
EE qus e" a eee ne eee 0 5 
Une KASD RAE ole 0 4 
| OWES be AP 5. DEDE 0 6 
TACOS TAOS scans ONES tae!) 7 
AA EBA 20 ..... S 0 6 
EA DSSCUNA UI. cR 0 4 
PA SIX BAA eec eS 0 6 

jig met screeners 0 41 


The extracted Angoras, like the pure-bred Angoras, proved to 
be recessive to pure shorts. 4 extracted Angoras mated with 
3 pure and 1 extracted short produced 27 short-coated young, 
similar in appearance to the pure and hybrid shorts. 

The matings were as follows (ES = Extracted pure 
Short) :— 
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TASTE 5. 
Extracted Angoras x Pure Shorts (1*,). 
Matings. Short. Angora. 
PNIS END; LE ese net 6 0 
DEVIS SD ull. ente 5 0 
er CON oe. ee se on n E 7 0 
SESKI NIT DE 6 0 
(| son 27 0 


The extracted Angoras, like the pure-bred Angoras, gave a 
mixture of shorts and Angoras when mated with hybrid shorts. 
5 extracted Angoras mated with 3 hybrid shorts produced 28 
young, of which 17 had short coats and 11 Angoras. The Men- 
delian expectation is 14 shorts and 14 Angoras. 

It will þe observed that there is here a slight excess of shorts, 
which appears to be due to E H 28 giving 12 shorts and 6 
Angoras instead of the expected 9 of each. The matings were 
as follows :— 

TABLE 6. 
Extracted Angoras x Hybrid Shorts (F,). 


Matings. Short. Anyora. 
NE eds L0 rz ele qu 0 ue 2 2 
low XX ONENODS hbase oa. ces avis 3 l 
[yee ed a) Delect rrr + 2 
PARGA NDS severe epee l 0 
ASO SONOS .. erre J 2 
Ib SGH e... [2 MEM 2 1 
BSDDOI X HAMO gere rna no 3 3 

Total e a 17 11 


From the above experiments with 10 Angoras extracted from 
hybrid shorts, it is clear that the extracted Angoras are not only 
indistinguishable in appearance from pure-bred Angoras, but in 
their breeding they behave exactly as do the pure-bred Angoras, 
viz.:—(1) They breed true with one another; (2) they are 
recessive to pure shorts; (3) they give mixed offspring when 
mated with hybrid shorts. 

These facts are all in accordance with the Mendelian conception 
of gametic purity, and there seems to be no doubt that, not- 
withstanding their hybrid origin, these extracted Angoras are 
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pure Angoras, giving off gametes carrying the Angora factor 
simply, with no trace of the short-coat factor carried (in the case 
of 5 of them) by both their parents and one-half of their an- 
cestors for several generations and probably many more. 

The short-coated individuals of the second generation tested 
with Angoras and hybrids proved to be of two kinds, pure shorts 
and hybrid shorts, the former producing all shorts and the latter 
a mixture of shorts and Angoras. 

Out of 16 individuals tested, 5 were extracted from hybrids of 
the first generation mated back with the original Angoras 
(H x A), and these all proved to be hybrids in accordance with 
the Mendelian expectation. 

One individual was extracted from a hybrid of the first gene- 
ration mated back with one of the original shorts (H x S), and 
this proved to be a hybrid, the Mendelian expectation for 2 such 
individuals being 1 pure and 1 hybrid. 

The remaining 10 individuals were extracted from hybrids of 
the first generation bred together (H x H), and of these 4 proved 
to be pure and 6 were hybrids; the Mendelian expectation for 
12 such individuals being 4 pure and 8 hybrids. 

The 4 pure extracted shorts mated with 3 Angoras and 4 
hybrids produced 51 short-coated young, similar in appearance 
to the pure and hybrid shorts. The matings were as follows:— 


TABLE 7. 
Extracted Shorts x Angoras and Hybrids (F,). 
Matings. Short. Angora. 

ES S0 x IH 10 TS 5 0 
iS SOs H10 mr ien 71 0 
S525 9 P a 5 0 
HS. 52° H 2 ues 4 0 
ES Soe, H JOE: Are OS T 5 0 
BESo45c E A oy eec 6 0 
ESSA BH IS os oe eee 5 0 
ES 386 X EH 26. eee 3 0 
ES 36556 H l0 ee ance reenact 5 0 
ES 56 RA 96... 1M 6 0 

Total ee o DUREE 51 0 


The extracted hybrid shorts maied together and also with 


in Mendelian proportions. 
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Taste 8. 
Extracted Hybrids x Hybrids (F,). 
Matings. Short. 

Idde mike S< EP EIS S. € 
IEIS2ISSaBEPEHOTT ME 5 
J9IBEPDAL 5e IOUSÉSTS c5 Soososocoot 5 
B ID2994BHI 10 Mcr. 9 
19188009 Se TOL oo5ooosobpcacor 3 
EHSL asm) MEC RC Em 4 
ID aL Gis se JSEPS .usonocococonz 9 
JO TEL Gis Se WL ey oasoscocuonsocac 2 
TR 1El eS) 9€ IDSEMIS o nooconosentoc 4 

Totals E Rt 31 
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Angoras in each case produced a mixture of shorts and Angoras 
10 extracted hybrids mated together 
and with 2 hybrids of the first generation produced 41 young, of 
which 31 had short coats and 10 were Angoras; the Mendelian 
expectation for 40 young is 30 shorts and 10 Angoras. 
matings were as follows :— 


The 


Angora. 


= 
elaonomuosttco 


7 extracted hybrids mated with 8 Angoras produced 50 young, 
of whieh 27 had short coats and 23 were Angoras; the Men- 
delian expectation is 25 shorts and 25 Angoras. 


were as follows :— 


TABLE 9. 


Extracted Hybrids x Angoras (F,). 


Matings. 
EHWxAz. 
EH18 x A2™ 
EH19 x A2 
EH 21 x A2 

A 23 x EH 28 
EA 15 x EH 28 
EA16 x EH 28 
EA 16 x EH 28 
E A 20 x EH 28 
EIH51»x EA 26 
EA 33 x EH 28 
EH 44 x A 24 


ee ee) 


$95 c a o s t! d € on t 


eee eee esc eesves 


ec cy 


"222572892889 


"cc: 2:80]47958 


se» *25222923a99€$ 


»*5922242929682*-2 
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From the above results it would appear that the unit characters, 
short and Angora coat, in their heredity follow the Mendelian 
type Pisum as regards dominance, segregation, and gametic 
purity. 

(2) NogMALITY AND ALBINISM. 


The normal Belgian rabbit has a pigmented skin, coloured 
coat, dark eyes, and normal demeanour, while the albino Angora 
has a clear skin devoid of pigment, white coat, pink eyes, and a 
curious habit of swaying the head from side to side whenever the 
body is at rest. So far as these experiments go, all these 
apparently different characters of the albino are correlated aud 
inherited as a single character or unit, which may be simply 
called albinism as opposed to normality. 

In describing these experiments, therefore, it will be under- 
stood that the term normal includes a pigmented skin, coloured 
coat, dark eyes, and normal demeanour, while the term albino 
comprises a clear skin, white coat, pink eyes, and the swaying 
habit. As already noted, both the normal Belgians and the 
albino Angoras breed true when mated with their own kind. 


(a) Hirst Generation (F). 


No. 1 normal doe mated with No. 2 albino buck produced 26 
normal hybrids. The reverse cross, No. 3 albino doe mated with 
No. 4 normal buck, produced 16 normal hybrids. The 26 normal 
hybrids of the first cross did not show the slightest trace of the 
albino parentage in any respect. The 16 normal hybrids of the 
reverse cross (with one exception) had a few white markings on 
the fore extremities, but, as will be seen later, these do not seem 
to be connected with simple albinism at all, but rather with the 
Dutch markings latent in the albino (see under Sect. 4, p. 314). 
In Mendelian terms, therefore, normality may be said to be 
dominant over albinism, which is recessive. 

Further experiments recently carried out show that the normal 
charaeter of other races as well as the Belgian is similarly 
dominant over albinism. Altogether 94 hybrids have been raised 
by crossing normal and albino individuals and all have proved 
to be normal hybrids, whether the albino was used as the male 
or the female parent. It appears that in these cases also the 
phenomenon of dominance is peculiar to the character itself, 
and is not influenced by change of sex, individuals, or race. The 
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individual matings were as follows. N = normal, A = Albino. 
No. 47 is a Silver Fawn; Nos. 51 and 52 are Dutch; Nos. 1, 
4, 13, and 25 are Belgians; and Nos. 2, 3, 6, 23, and 50 are 
Angoras. 


TABLE 10. 
Normal x Albino (F). 

Matings. Normal. Albino. 
JuJt. ES sre CE ine 26 0 
Ame IN DOE I lr ER ETUR 16 0 
Aw. SCANS C MNT T 11 0 
AOR NA a a teioin is 8 0 
IN DS A DAL DUE rare seen 4 0 
AXO9BSQSNIDD M MEETS 16 0 
A SOINA eects rLS EIU VI MIR DUE 8 0 
iN DONA d MEN IRSE ITO 5 0 

TTatuli ce oet es 94. 0 


(b) Second Generation (F.). 


The normal hybrids of the first generation bred together pro- 
duced a mixture of normals and albinos in Mendelian proportious. 
7 normal hybrids bred together produced 171 young, of which 132 
were normal and 39 were albinos. The Mendelian expectation 
for 172 young is 129 normals and 43 albinos. 

Each individual hybrid that was tested produced both normals 
and albinos, usually in the same litter. The individual results 
were as follows :—No. 5 gave 13 normals and 4 albinos; No. 7, 
22 N and 9 A; No. 8,28 N and 4 A; No. 9, 48 N and 14 A; 
No. 10, 92 N and 24 A; No. 11, 26 N and 8 A ; and No. 12, 
40 N and 15 A. 

It wil be observed that No. 8 gives a decided deficiency of 
albinos, while, as will be seen later, the same individual in a 
previous litter gave an unexpected excess of albinos when mated 
with an albino. 

The albinos of the second generation extracted from the normai 
hybrids of the first generation had apparently the same albinie 
characters as the original albino graud-parents, viz., a clear skin 
devoid of pigment, pure white coat, pink eyes, and the swaying 
habit. 

The normals of the second generation had apparently the same 
normal characters as the original normal grand-parents and the 
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normal parents, viz., a pigmented skin, coloured coat, dark eyes, 
and normal demeanour. The majority were self-coloured like 
the original normals, while some were slightly marked with white 
on the fore extremities, and a few were marked like the pure 
Dutch rabbit. As will be seen later, these Dutch markings are 
apparently not connected with simple albinism (see under 
Sect. 4, p. 314). 

The following table gives the individual matings with the 
details of each litter :— 


TABTE 11.. 
Hybrid Normals bred together (F.). 


Matings. . - Normal. Albino. 

| 5 aep o E E a O oa E o 6 3 
TM H0O e 1 
FINE H 10 ES. Saree hele eats 4 4 
HZ XILIO C Med o ENDE 3 1 
IELU els RU od SO oria o y 2 
EM H 12 es a a oe aces 8 2 
BLE SITO E eene ee EE 8 1 
HAS xX H Org soe 8 1 
HS x Hlo . ss acoso ene ces 8 il 
Luc EO ees "EE: 4 1 
OSSH LO e E 8 0 
ee AO t 5 2 
CROX H I0. e cmencre er 6 2 
PHORA ET O arom peice e TEE TE 1 
Ea H0 er EN 7 2 
PEOR X ILIO: oss DLL 4 3 
ENONC C H2 5... 92 TEE 6 4 
Hx H 12 o5: veis 6 3 
HONTH 12. oet EU: 7 1 
Je GMs cls 12 A t 7 3 
HUE S HS eoe iesus 6 9 

Total 4: ouest 192 39 


The normal hybrids of the first generation bred back with the 
original albinos produced a mixture of normals and albinos in 
Mendelian proportions. 

5 normal hybrids mated with 2 albinos produced 54 young, 
of which 25 were normals and 29 were albinos. The Mendelian 
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expectation is 27 normals and 27 albinos. Each hybrid tested 
produced both kinds, usually in the same litter, but, curiously 
enough, H 8 x A 2 gave in the first litter 5 young all albinos, 
while in the second litter there were 6 normals and 2 albinos, 
instead of the expected 4 of each. It will be noted that H8 
was the individual which gave a deficiency of albinos in the 
4 succeeding litters when mated with H 10. The individual 
matings were as follows :— 


TABLE 12. 


Hybrid Normals x Albinos (F,). 


M atings. Normal. Albino. 
EI Aas ae ce ox d DUE 2 2 
FES Q WU 2 rater reat xe trie OE + 1 
PED Ne 7.58 pen OUT MC UE 3 4 
Ee FATUA LER d 3 4 
ES x AN i ae onc main UE 0 5 
esx AL See ccs seen eae 6 2 
ASO II TO", A eine cee A 4 2 
ASORO Sees A 2 5 

SUCH E E A Lo OT 1 4 
Total c.c i mE 25 29 


2 normal hybrids of the first generation mated with one of the 
original normals produced 20 young,all normals. The matings 
were N 1x H 12, producing 11 young in 2 litters, and 
N 1 x H 10, producing 9 young in 1 litter. The Mendelian 
expectation is, of course, all normals. 


(c) Third Generation (V,). 


The albinos of the second generation extracted from the hybrid 
normals of the first generation bred true when mated with one 
another and with other albinos, in accordance with the Mendelian 
expectation. 4 extracted albinos mated together and with 2 other 
albinos produced 21 young, all of which were albinos. The 
matings were as follows :— 
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TABLE 13. 
Extracted Albinos x Albinos (F,). 
Matings. Normal. Albino. 
HAIG K A9... enero 0 5 
HAIG x A Ghee ee 0 7 
BA 34 x BA TARET 0 5 
ELA 405A 01 e com 0 4 
Total e e uocant 0 21 


The extracted albinos, like the pure-bred albinos, proved to be 
recessive to pure normals. 

6 extracted albinos mated with 3 pure and 3 extracted normals 
produced 62 young, all of which were normals, in accordance with 
the Mendelian expectation. 

The individual matings were as follows (E N = Extracted pure 
normal) :— 


TABLE 14. 
Extracted Albinos x Pure Normals (F,). 
Matings. Normal. Albino. 

DAIS I NAD pits etme 6 0 
EA ls x EN28 ........ pines 4 0 
BAWNSCON DNE S6 geteasaces 8 0 
PANTO EN OO Yee unco E 6 0 
A IG HIN 282 5 gee 6 0 
BA OL N40 a eee 8 0 
EVASION DI MTM et cee 2 0 
EBATSI ON Ol uere cera 6 0 
ENADE A IAS ee i 0 
EWN 44 & BA. bM. lw 4 0 
EA 45x ENOS8 3. eee 5 0 

dotal tags EE. 62 0 


The extracted albinos, like the pure-bred albinos, gave a 
mixture of normals and albinos in Mendelian proportions when 
mated with hybrid normals. 5 extracted albinos mated with 
6 hybrid normals produced 47 young, of which 23 were normals 
and 24 were albinos. The Mendelian expectation for 48 young 
is 24 normals and 24 albinos. 

The matings were as follows (EH — Extracted hybrid) :— 
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TABLE 15. 
Extracted Albinos x Hybrid Normals (F,). 
Matings. Normal. Albino. 
ID H 19. SET caecis 4 3 
GENES RA 11 ee ues 4 2 
TOEA A ee 1 4 
ENIJIS CHA 14... 2: 2 4 
E HOP A SB. Lone net 5 2 
BEIDE Aa. uv 3 4 
BASIX BEH S7 ae a. 2 4 
possc EA A dome 9 1 
a E A 28 24 


From the above experiments with albinos of the second gene- 
ration extracted from the normal hybrids of the first generation 
it is clear that not only are the extracted albinos indistinguishable 
in their albinism from the pure-bred albinos, but in their breeding 
they behave precisely as do the pure-bred albinos, viz.:—(1) They 
breed true with one another; (2) they are recessive to pure 
normals ; (8) they give mixed offspring when mated with hybrid 
normals. These facts are all in accordance with the Mendelian 
conception of gametic purity; and there seems to be no doubt that, 
notwithstanding their hybrid origin, these extracted albinos are 
pure albinos. 

The normal individuals of the second generation, tested with 
albinos and hybrids, proved to be of two kinds, pure and hybrid ; 
the former producing all normals, and the latter a mixture of 
normals and albinos. Out of 21 individuals tested, 7 were 
extracted from hybrids of the first generation mated back with 
the original albinos (H x A), and these all proved to be hybrids 
in accordance with the Mendelian expectation. 2 individuals 
were extracted from 2 hybrids of the first generation mated back 
with the original normal (H x N), and these have so far proved 
to be pure normals; the Mendelian expectation for 2 such indi- 
viduals is 1 pure and 1 hybrid. The remaining 13 individuals 
were extracted from hybrids of the first generation bred together 
(Hx H), and of these 4 proved to be pure normals and 9 were 
hybrid normals; the Mendelian expectation for 12 such individuals 
is 4 pure and 8 hybrids. 

The 6 pure extracted normals mated with 4 albinos and 8 hybrids 
produced 83 young, all normals in accordance with the Mendelian 
expectation. The individual matings were as follows :— 
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TABLE 16. 

Extracted Normals x Albinos and Hybrids (F,). 

Matings. Normal. Albino. 
EI oe EN 28 er oe ce eae 7 0 
AUZS X BIN 28€ aere 6. 0 
EN 32 x A2 mu ee. c 0 
ENA Se ASPICE oe ee fa 0 
RE 20E N 2S) sao cens EM 6 0 
INC S0 oC SEO ns sence sic vale nee 5 0 
EN 300x H 10 S c ESSE i 0 
IN 32. H 12a ee oe can ae 0 
OM es 321 bare TO eee eer ere 5 0 
EN Pe aa el Serene. Gy 0 
EHS X m NOSE nc see 6 0 
ENIX EH OD M 6 0 
IH g0elNSSIEE IE 3 0 
EN 45 x lA M... SU UP fi 0 
Total 0e deeem. 88 0 


The extracted hybrid normals mated together, and also with 
albinos, in each case produced a mixture of normals and albinos 
in Mendelian proportions. 10 extracted hybrids mated together 
and with 2 hybrids of the first generation produced 55 young, 
of which 38 were normals and 17 were albinos; the Mendelian 
expectation for 56 young is 42 normals and 14 albinos. The 
excess of albinos appears to be due to the peculiarity of EH 26, 
which gave 11 normals and 9 albinos instead of the expected 15 
and 5. The individual matings were as follows :— 


Total c x 


: TABTE 17. 
Extracted Hybrids x Hybrids (1',). 
Matings. Normal. Albino. 
BEH 29x H VOM ee 5 2 
III S9 E E02 ere eee 5 Ji 
EHAS xH T ss re EET 3 1 
DABL EIL coli 90 Seas ee ane 3 3 
IH SGex EL 10 emot 4 il 
IH S6ss b H 26 25 05 ceo 4 4 
E H495c ElL20 0 m 4 2 
EH O38 ES? c EE 6 1 
BASIX EHIE E. 2 
3 17 
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8 extracted hybrids mated with 5 albinos produced 89 young, 
of which 44 were normals and 45 were albinos; the Mendelian 
expectation for 90 young is 45 normals and 45 albinos. The 
individual matings were as follows :— 


TABLE 18. 
Extracted Hybrids x Albinos (F,). 
Matings. Normal. Albino. 

BA is E e eres 2 T 
EE I or t PPM soo S 3 
EL LOE OAS) oues rs ae i. 2 9 
EH PSR eA 2 ois aie iss NES 2 3 
OT 185€ 4.2. ERE m d 3 
REIS ERAI T TOME 2 
EH I8 x ACD 0 E 4 1 
BH I0 c A DEM 2 38 
IH 10g A I4 2 eee 1 4 
PHI 4h De: Denes 2 4 
EH 20X A: De yee eee oon ae 3 il 
E DEA - Teectane air teiaratsyn. eel oie 4 0 
19H nU oie: NR TIE 2 3 
lH. I OON A 14 oss 3 4 
JON SSE ee QUO oce. 3 5 
IA SLX EH Gin S eec. 9 4 
BASIX EA Be’ ert tere M 2 Ji 

Total aeee eah 44 45 


From the above results it would appear that the unit characters 
normality and albinism in their heredity also follow the Mendelian 
type Pisum as regards dominance, segregation, and gametic 
purity. 


(8) Coar COLOUR. 


The grey coat of the common wild rabbit is made up for the 
most part of yellow hairs based and tipped with black. The 
extent of the coloured portions is somewhat variable in individual 
hairs; generally, however, the black basal portion is more ex- 
tensive than the yellow middle portion, while the black apical tip 
is less. In these parti-coloured. hairs both the yellow and black 
pigments occur in different dilutions. Thus, in the patch of short 
fluffy hairs behind the ears the yellow portion of each hair is a 
bright tan-yellow ; while along the back, towards the tail and 
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down the flanks on each side, the yellow becomes more diluted, 
passing from tan through fawn, buff, and cream to white under 
the tail and belly, where the yellow pigment is not evident. In 
the same way the black portions of the hairs, both basal and 
apical, become diluted, passing from dense blaek through blue- 
black, slate-grey, and grey-white to white. 

This dilution of the black pigment is especially noteworthy in 
the roots of the hairs, giving the impression of a blue-black 
ground-colour close to the skin, when the hairs are blown aside. 
A certain amount of chocolate or brown pigment appears to be 
always associated with the black. 

Amongst the parti-coloured yellow and black hairs which go to 
form the grey coat there are a few long black hairs scattered more 
or less regularly, especially along the back and loins and on the 
ears and forehead. These long black hairs give a wavy appear- 
ance to the coat, known to fanciers as “ ticking” ; they are more or 
less shaded with brown, have blue-black roots, and do not usually 
appear until about the age of two months. 

The above observations show that the hairs which make up the 
grey coat of the wild rabbit contain at least two distinct pigments— 
yellow and black, with their dilutions ; and most probably a third, 
brown or chocolate, which is more or less evident in close associa- 
tion with the black pigment. (Cf. Mr. Bateson's, Miss Durham's, 
and Dr. Allen’s observations on similar pigments in Mice: Bateson, 
1903; Allen, 1904.) 

The yellow-grey coat of the Belgian rabbit used in these experi- 
ments contains the same pigments, and is in all respects similar 
in nature to that of the wild grey, except that it contains a larger 
proportion of yellow pigment and less black in the individual 
parti-coloured hairs in all parts of the coat. This increase of 
yellow and reduction of black appears to affect the basal part 
of the hairs more than the tips. 

Further, the bright tan-yellow, which is usually confined to 
the space behind the ears in the wild grey, is extended to the 
chest and flanks in the yellow-grey, though this also shades off, 
downward and backward, through fawn, buff, and eream, to white, 
as in the wild grey. The creamy-white hairs borne underneath 
in the wild grey have blue-black roots, giving them a grey-white 
appearance ; while those of the yellow-grey in the same place have 
apparently no trace of the diluted black pigment, being almost 
pure white. The long black hairs also appear to be less in number 
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in the vellow-grey than in the wild grey, and do not extend so far 
down the flanks. In all respects, therefore, the yellow-grey has 
more yellow and less black pigment than the wild grey. 
The vellow-grey type breeds perfectly true to the above colour- 
details, and can always be distinguished from the wild grey. 
The coat of the albino Angora is of course pure white, with no 
trace of any kind of pigment. 


(a) First Generation (F,). 


The yellow-grey Belgians crossed with the white Angoras 
gave hybrids all of which had wild-grey coats, no matter which 
way the cross was made. 

No. 1 yellow-grey doe mated with No. 2 white buck produced 
26 young with coats indistinguishable from those of the wild grey. 
In the reverse cross, No. 3 white doe mated with No. 4 yellow- 
grey buck, gave 16 young, all with wild-grey coats. One indi- 
vidual (No. 7) from the latter mating had, when young, rather 
more yellow on the chest and flanks than the others; but after 
the second moult it became almost wild grey, like the rest. 
Further experiments recently carried out have given similar 
results: altogether 70 individuals have been raised by mating 
yellow-grey with white, and all have wild-grey coats. The 
following table gives the results of the individual matings 
(X G=yellow-grey, W —white) :— 


TABLE 19. 
Yellow-grey x White (F,). 
-Matings. Wild Grey. 
WEL SORE ie asc casinos = 26 
BINOS a MGL LL Ime 16 
NNG o TUBE Lll. R 
GTI E e 4 
w 23 x WMG Ss Geer eon 16 


ONT) oe AoA eS 6 ae 70 


(b) Second Generation (F.). 
The greys of the first generation bred together, with one 
exception, proved to be hybrid greys containing recessive black, 
giving a mixture of greys and blacks, the exception giving all 
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greys. 7 greys of the first generation were tested together, and 
of these 6 proved to be hybrids, giving both grey and black 
young, usually in the same litter: the remaining one has so far 
given no blacks, and presumably is a pure grey. 

The pure grey doe (No. 7) mated with 2 hybrid greys con- 
taining latent black (Nos. 10 and 12) produced 22 grey young. 

The 6 hybrid greys mated together produced 110 coloured 
young, of which 85 were greys and 25 were blacks. 

The individual results were as follows:—No. 5 gave 8 greys 
and 5 blacks; No. 8, 22 G and 6 B; No. 9, 33 G and 10 B; 
No. 10, 59 G and 19 B; No. 11, 22 G and 4 B; and No. 12, 
26 G and 6 B. 

All the 7 individuals gave white as well as coloured offspring ; 
but these have already been dealt with under albinism (Sect. 2, 
p. 294). 

The following table gives the individual matings, with the 
numbers of greys and blacks in each litter :—- 


TABLE 20. 
Hybrid Greys bred together (F.). 
Matings. Grey. Black. 

Te BY socal = Ciel La ocu ee 4 2 
EPSP El LO C er veins dae 4 3 
IE XII Oe cune es 5 3 
ES Se OS gies mese eee 8 0 
ELO AMICO 15. iowa ree 6 2 
Eo oS IO. . eats dues 3 if 
TORA econ eae 5 3 
Lele ais IO coos a e 5 0 
HIPH 10, eere 5 1 
HoR H JO cr 7 0 
EESCOCIH. I0 2 UU e E 2 5 
HORHE ce 3 1 
HD SGH I2 1e cs co EE 6 0 
LH Ix Hl19.: 52. BED 5 1 
ES Ee terre ate eee 6 if 
LL x ieee. eee 5 2 
EIL H0. E: 6 0 

dotate 85 25 


The greys of the second generation had wild-grey coats like 
their parents, a few individuals appeared to have rather more 
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yellow and less black than the wild grey; but, curiously enough, 
not one was a true yellow-grey like the Belgian grand-parent. 
The blacks of the second generation had black coats with no 
trace of the yellow pigment of the grey parents; all appeared to 
be shaded more or less with the brown pigment which is always 
associated with black, especially when the coat is moulting. 

The nest coat was jet-black, but, in common with other black 
rabbits, after the first moult a few white hairs appeared, chiefly 
on the back and loins; these apparently increase in number with 
each moult, and a few have already developed these white hairs 
to such an extent as to almost resemble the well-known “ Silver 
Grey " breed of the fanciers (“ Chinchilla” of Darwin). It is 
hardly necessary to say that the so-called “ Silver Grey " has no 
resemblance whatever to the wild grey, being a pure^ black 
breed when young; afterwards a number of white hairs 
appear among the black, giving it that silvered appearance so 
much admired by fanciers. The black individuals were easily 
distinguished from the grey ones at birth, their pigmented skin 
being a shade darker and covering the whole body, unlike the 
greys, in which the ventral areais but little pigmented, being 
pink or flesh-coloured. 

The hybrid greys of the first generation, mated back with one 
of the original whites, also gave a mixture of greys and blacks, 
but only a few were raised. 

The matings were as follows :—H 5 x W 23eave 6 greys and 
3 blacks, and H 8 x W 2 gave 5 greys and 1 black. 


(e) Third Generation (E). 


The blacks of the second generation extracted from the 
hybrid greys of the first generation have, so far, bred true when 
mated with one another*. 5 individuals tested together gave 16 
young, all blacks with no trace of yellow pigment. The following 
were the matings: E B 20 X E B 28 gave 6 blacks; EB 33 x 
EB 28 gave 6 blacks; and EB 54 x EB 41 gave 4 blacks. 
(For further results showing the purity of the extracted blacks, 
see Table 22.) 

One of the extracted blacks E B 28 was mated with the pure 
grey G 7, producing 7 grey young. 

* Excluding the albinos thrown, which have been already dealt with under 
Sect. 2, p. 298. 


304 MR. C. C. HURST : EXPERIMENTAL STUDIES 


** The'same extracted black was also mated with a hybrid grey 
E H 35, producing 2 greys and 5 blacks. 

The greys of the second generation have, so far as tested, 
proved to be of two kinds, pure and hybrid, the former giving 
all greys, and the latter a mixture of greys and blacks. Out of 
9 greys tested, 8 have proved to be hybrids containing recessive 
black, each of the 8 gave a mixture of greys and blacks, and in 
all there were 48 young, of which 38 were greys and 10 were 
blacks. 

The matings were as follows :— 


TABLE 21. 
Hybrid Greys bred together (F,). 
Matings. Grey. Black. 

TOSEIS2OSSCO EIL E EE n Eee 4 Jl 
PH S de Le ob cop oumoconeaon 4 i 
BERSO SC H TOMY rience 4 1 
EHS MIO 5 2 
EHSA E 2 1 
IDIEL SUL Se 19,18L 918) sakes onec 6c 3 0 
IM BL api Se IIL 12 NS S ad Peu T 0 
PSS TO LPS e we: Jl 
TRIB SS S2 E he LL E 5 
TA N aa H a E A A 2 9 

Hotal oeae AE 38 10 


The remaining grey has, so far as tested, proved to be a pure 
grey, giving 1l grey young when mated with a black and with 
2 hybrid greys. The matings were :—E G 36 x E B 28 giving 
3 greys; E G 36 x H 10 giving 4 greys; and EG 36 x E H 26 
giving 4 greys. As these numbers are few, it is possible that 
this individual may yet prove to bea hybrid grey containing 
recessive black, and further experiments are necessary before we 
can be quite sure that itis a pure grey, especially as all the other 
S greys tested proved to be hybrids. 

Both the greys and blacks of the third generation had similar 
coats to those of the second generation, there being still no 
return to the original yellow-grey of the Belgian. 
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SUMMARY oF Coar-Corovg RESULTS. 

In the first generation (F,) yellow-grey x white gave all wild 
greys. In the second generation (F,), with one exception, the 
F, greys proved to be hybrids containing recessive black, for. 
when bred together, they gave a mixture of greys and blacks 
in Mendelian proportions. In the third generation (F,) the F, 
blacks bave so far bred true when mated together ; they are 
recessive to pure grey and give a mixture of greys and blacks 
when mated with hybrid greys. The F, greys so far appear to be 
of two kinds, pure and hybrid, and the hybrids bred together 
give a mixture of greys and blacks in Mendelian proportions. 
From the Mendelian point of view the above results are what 
might have been expected had the original parents been grey x 
black instead of yellow-grey x white. 

Two points therefore appear to demand consideration :— 
The appearance of the black character, and the disappearance of 
the yellow-grey character. 


The Appearance of the Black Character. 


The sudden appearance of the black character in the second 
generation was quite unexpected, as there had been no black 
individuals in the ancestry of either of the original parents— 
Belgian or Angora—for at least $ generations and probably 
mauy more. The fact tuat these black individuals appeared in 
about the proportion of one quarter and bred true at once was 
very significant from the Mendelian point of view. It suggested 
that the hybrid greys of the first generation were giving off 
gametes, one halt of which contained the factor for blac coat- 
colour. As these hybrid greys were bred from the yellow-grev 
Belgians crossed with the white Angora, it appeared that the 
black factor must have been introduced by one or the other of 
these parents, or by both. 

That it was not introduced by both is clear from the absence 
of blacks in the first generation. That it was not introduced bx 
the Belgian is equally clear from the fact that no blacks appeared 
when the Belgian was mated with a pure black, nor when the 
Belgians were mated together. From the Mendelian point of 
view, therefore, it would appear that the black factor must have 
been introduced by the white Angora. This may appear in- 
credible, and vet, as the rollowing experiments show, it seems 
to be the only interpretation of the facts. 

LINN. JOURN.—ZOOLOGY, VOL. XXIX. 21 
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Colour-factors latent * in Pure-bred Albinos. 


The 2 albino Angoras originally used in the experiments 
were tested by mating them with the pure blacks of the second 
generation. No. 2 albino buck mated with 4 black does gave 
16 black young. No. 3 albino doe mated with a black buck 
gave 11 young, of which 5 were black and 6 were grey. These 
results are in aecordance with the conception that No. 2 albino 
gave off gametes, all of which carried the blaek factor, while 
No. 3 albino gave off gametes, some of which carried the black 
. faetor and others the grey factor. 

To test the matter still further, No. 2 albino was mated with 
5 grey hybrids known to contain recessive black, producing 38 
coloured young, of which 21 were greys and 17 were blacks. 
If, as conceived, No. 2 albino was carrying latent black simply, 
the Mendelian expectation in this mating is 19 greys and 19 
blacks. Again, No.3 albino was mated with 2 grey hybrids 
known to contain recessive black, producing 7 coloured young, of 
which 5 were greys and 2 were blacks. These numbers are few, 
but if, as conceived, No. 3 albino was carrying both latent grey 
and latent black factors, the Mendelian expectation for 8 young 
is 6 greys and 2 blacks. This conception also explains certain 
facts in regard to the gametic constitution of the individuals of 
the first generation which are otherwise obscure. It will be 
remembered that while all the greys of the first generation by 
the No. 2 albino were hybrids containing recessive black, yet 
one individual grey (No. 7) out of No. 3 albino was a pure grey 
containing uo black. The above conception that No. 2 albino 
gave off all black gametes, while No. 3 albino gave off both grey 
gametes and black gametes would explain the above facts, which 
were previously obscure. 

In order to test whether these latent factors in albinos were 
subject to Mendelian segregation in simple albino matings, the 
No. 3 albino doe, apparently carrying grey and black, was mated 
with No. 2 albino buck, apparently carrying black only. 14 
young were produced, all albinos, of course, with no trace of 


* To prevent misconception it should be stated that the colour-factors present 
in albinos are “latent” in the sense that their influence is not evident until some 
other ingredient, found in a pigmented individual, is added to them. When 
the precise nature of pigmentation is determined, it may be possible to substitute 
a more precise term. (Cf. Cuénot, 1903.) 
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pigment. 2 of these young were tested with pure blacks and 
have so far given the following results :— 

No. 28 albino doe mated with a pure black gave 5 blacks and 
1 grey. No. 24 albino buck mated with a pure black gave 
3 blacks: mated with a grey hybrid containing recessive black 
gave 6 blacks and 1 grey. 

Although these results are few in number, yet it seems certain 
that No. 23 albino is carrying both grey and black, while No. 24 
is apparently carrying black only. 

The Mendelian expectation for albino (gr.-bl.) x albino (bl.) 
is 1 albino (gr.-bl.) and 1 albino (bl), which is apparently the 
result. The fact that in this case father aud son are apparentlv 
carrying black only, while mother and daughter are apparently 
carrying grey and black, may be but a eoincidence. 

All the above results with pure-bred albinos are in accordance 
with the conception that albinos give off gametes carrying certain 
colour-factors which remain latent until the albino is crossed 
with a pigmented individual, and yet, during their latency, obey 
the Mendelian laws of segregation and gametie purity. Further 
support is given to this conception by the results of the 
following experiments with extracted albinos. 


Colour-factors latent in Extracted Albinos. 


7 extracted albinos were tested for latent colour-factors, and 
of these, 2 apparently carried black only, while 5 apparently 
carried both grey and black. No. 14 albino buck mated with 2 
pure blacks gave 6 blacks : mated with 2 grey hybrids containing 
recessive black it gave 3 greys and 5 blacks. 

No. 45 albino doe mated with two pure blacks gave 9 blacks. 
These two albinos, which were apparently carrying black only, 
were extracted from No. 5 grey hybrid containing black, mated 
with No. 2 albino apparently carrying black, and are interesting 
as showing that albinos apparently carrying black only can be 
extracted from greys provided that the latter also contain black. 
No. 15 albino doe mated with 2 pure blacks gave 5 greys and 7 
blacks; this albino was extracted out of No. S grey (bl.) x No. 2 
albino (bl.). 

No. 16 albino doe mated with a pure black gave 7 greys and 
5 blacks; this albino was extracted out of No.7 pure grey x 
No. 2 albino (bl.). 

2\* 
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This case is interesting as showing that an albino extracted 
out of a pure grey does not necessarily carry grey only, the 
result dépends upon both parents. 

No. 34 albino doe mated with a pure black gave 4 greys and 
4 blacks; this albino was extracted out of No. 11 grey (bl.) x 
No. 12 grey (bl.). 

No. 38 albino buck mated with a pure black gave 3 greys and 
2 blacks. 

No. 39 albino doe mated with two pure blacks gave 6 greys and 
4 blacks. 

The last two albinos were extracted from No. 7 pure grey x 
No. 10 grey (bl.). 

The three following tables give the individual matings in the 
testing of the pure-bred and extracted albinos for their latent 
colour-factors. 

4 albinos apparently carrying black only mated with 7 pure 
blacks gave 34 black young, in accordance with the Mendelian 
expectation. These 34 blacks may therefore be added to the 16 
already recorded under extracted blacks bred together (p. 303) 
making 50 in all, and will serve as a further illustration of the 
purity of the black recessives. 


TABLE 22. 


Albino (black) x Black. 


Matings., > Grey. Black. 
EB 190€ TA 2 oe cs et cas EE 0 2 
BQ BA IINE 0 3 
EB20 X 4A 2... ET 0 8 
BB X A272... M 0 4 
HB Ot x Ae sas. EAST. 0 2 
EDSLX BA I4... 55555 0 3 
IEBgS x A24 T orencmeses 0 3 
BA 45 ES 28am a 0 5 
HVA 45 XB Gl ie. eer ae 0 4 

B82 6 A.92. us uso e MEME 0 5 
Total. 20 T 0 34 


7 albinos apparently carrying both grey and black mated with 
5 pure blacks gave 64 young, of which 32 were greys and 32 
were blacks, which is exactly the Mendelian expectation. 
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TABLE 23. 
Albinos (grey and black) x Black. 


Matings. Grey. Black. 
DE UC BOLA s evok da TY 3 3 
BOE ubl EE eee 3 2 
ENS ones B 25988. 0 se sisi hes 1 5 

]9. 58 Es TOR LOIS cr 2 2 
RARIS OB D] ee ee ES 5 
IE TO SIND 289. voces aie eras 3 3 
a EB 28 ree e £ 2 
PAS SIEB 49 o ae aei 4 4 
IS D.2 1 A 98 m tests 9 2 
BIAS S39 XB. 4] e LS. 2 0 
AO SCIL 2. s cS oos 0 2 
IDA dO c DEDI a eee 4 2 

Total. 20 E S. 92 33 


| 
| 


3 albinos, apparently carrying black only, mated with 6 grey 
hybrids containing black, gave 53 young, of which 25 were grey 
and 28 were black; the Mendelian expectation for 54 young 
being 27 greys and 27 blacks. 

The results of the last table and this may also be added to 
ihe results given previously under hybrid greys mated with 
extracted blacks, giving in all 124 young, of which 59 were greys 
and 65 were blacks. The Mendelian expectation is 62 greys and 
62 blacks (see p. 308). 


TABLE 24. 
Albino (black) x Grey (black). 

Matings. Grey. Black. 

H 5x Ae eerste ees 2 0 
H 5 x.A29 INED ees Lo: 1 3 
H 53x49 is Ce 3 0 
I 864.2 oera a EIOS 5 1 
Wal? x A2 .. UE 2 0 
MA? x A.D Jem MET 1 4 
HAIA? a 0 2 
eS x A2 a EE 0 2 
DERIS X A 2 . eee eee 0 Jt 
BER IS* A9 oe eee 3 il 
EIS x EA M RES 3 
BIDS AS oea T 4 3 
Ex EA l4. JE 3 9 
BEAL x A 94 ... ERR 1 6 
Total 2. e ERE 25 28 
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The above results point to the following conclusions :— 

(1) That both pure-bred aud extracted albinos carry in their 
gametes certain colour-factors. 

(2) Some albinos give off gametes containing the blaek factor 
only, while others give off gametes containing black and gametes 
containing grey, on the average in equal numbers. 

(8) These colour-factors remain latent when albinos are mated 
together, but become patent when the albinos are mated with 
normal individuals. 

(4) These latent colour-factors appear to follow the ordinary 
Mendelian rules of segregation and gametie purity. 

(5) That the black character, which appeared in the second 
generation of the hybrids between the yellow-grey Belgian and 
the white Angora, was introduced by the albino Angora. 

These conclusions, arrived at from experiments with Rabbits, 
fully confirm those already obtained by Prof. Cuénot in his 
important experiments with Mice; and although of necessity my 
experiments have been carried out on somewhat different lines, 
yet the conclusions are the same in principle, and in presenting 
them I wish to acknowledge my indebtedness to Prof. Cuénot 
and Mr. Bateson for their useful suggestions. There is no doubt 
that the demonstration of the fact of latent colour-factors 
being carried by albinos is of great significauce, and will help to 
throw light upon a large number of observations, contributed 
by many observers in both animals and plants, that hitherto have 
remained obscure. 


The Disappearance of the Yellow-grey Character. 

With regard to the disappearance of the original yellow-grey 
character of the Belgian in all the generations, a number of 
experiments are now in progress, which, it is hoped, will throw 
some light upon the matter as soon as completed *. 


(4) UNIFORM AND MARKED Coar. 

In the original experiments the Belgian parents had a uniform 
or self-coloured coat, with no trace of white markings on the 
extremities. (The almost white ventral area may for this pur- 
pose be disregarded.) 

This self-colour character breeds true, so far as my experiments 


* So far it is not possible to suggest what is the meaning of the non 
appearance of the Belgian coat-colour in F, and F,. 
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go, and to my knowledge for at least 8 previous generations and 
probably many more. 

The 2 pure self-coloured Belgians were mated with 2 albino 
Angoras, and each albino gave a different result. 

No. 2 albino buck mated with No. 1 self-coloured doe pro- 
duced 26 self-coloured young with no trace of white markings 
on the extremities. 

No. 3 albino doe mated with No. 4 self-coloured buck pro- 
duced 16 young, of which one only was self-coloured, all the 
others being more or less marked with white on the fore-feet, 
shoulders, breast, nose, and forehead. 

These white markings, though variable in extent, increased in 
a definite direction. The slightest markings were either on the 
tip of a fore-paw or at the end of the nose; as the markings 
increased they invaded the whole fore-feet, legs, shoulders, and 
breast, while the nose-markings extended towards the forehead ; 
in other words, the whole tendency of the markings was towards 
the Dutch markings, so well known to fanciers. No. 7 was 
self-coloured, while No. 10 had white fore-feet, legs, right 
shoulder, and breast, being the most marked of all; the others 
might be said to consist of a series between Nos. 7 and 10. 

As different results were obtamed from the 2 albinos, it is 
necessary to consider the offspring of the 2 lines of descent 
separately, viz. :—The self-coloured line raised from the No. 2 
albino, aud the marked line raised from the No. 3 albino. 


(a) The Self-coloured Line. 


In the first generation all the offspring were self-coloured. 
In the second generation 3 of the selfs of the first generation 
bred together and with a pure self produced 37 young, of whieh 
35 were selfs and 2 were slightly marked with white, having a 
few white hairs on the tip of the right paw. The matings were 
as follows :—- 


TABLE 25. 
Self x Self (F,). 

Matings. Self. Marked. 
DEUX 8 12. ovis st 2 B 11 0 
SDNECS I2 ....... eer 5 T 
DIS IS ...... "E 19 i 

Total ee s. 50 2 
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In the third generation 5 of the selfs of the second generation 
mated together and with 2 pure selfs produced 25 young, all 
self-coloured. The matings were as follows :— 


TABLE 26. 
Self x Self (F,). 

Matings. Self. Marked. 
sal S129 ce 3 0 
Sl 9920 eee ee 9 0 
SUC B. TB eee ave URS 5 0 
We D 20 SUE des 4 0 
Biased is SDN ecce cae 10 0 

Total M d 25 n 


In the self-coloured line therefore, with two slight exceptions, 
the selfs bred true for three generations, including 88 individuals, 
notwithstanding that all were originally bred from an albino. 


(b) The Marked Line. 


In the first generation all the offspring, except one, were more 
or [less marked with white on the fore extremities. In the 
second generation, 4 of the individuals of the first generation 
bred together produced 67 young, of which 16 were selfs, 34 
were slightly marked with white like the parents, and 17 had 
the true Dutch markings. The individual numbers were as 
follows:—No. 7 gave 5 selfs, 2 marked, and 6 Dutch; No. 8 
gave 3 selfs,9 marked, and 6 Dutch; No.9 gave 8 selfs, 23 
marked, and 5 Dutch. It will be noted that each individual gave 
all three kinds; that No. 7, the self-coloured exception, gave 
more than the average number of full Dutch-marked and also 
of selfs; that No. 9, the one most marked with white, gave less 
than the average number of Dutch-marked. The individual 
matings and details of each litter were as follows (S=self- 
coloured hybrid, M=marked hybrid) :— 
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TABLE 27. 
Hybrid Self and Marked x Marked (F,). 
Matings. Self. Marked. Dutch. 

SE M IQ M Jl 4 1 
SEQ MOS. e 2 0 l 
SEM MEO soit. 9 1 4 
MES EON 10 o. 0 4 4 
ese MIO EE Ss. 2 4 2 
ie x MIO Sens l 1 0 
ISSUED eros 2 6 0 
MEO DENI 2s cess Il 4 0 
MIDEM 10 s roseo 0 4 2 
MEOE AT 10. 2 ero 9 4 J 
MOEM 1O ess l 4 1 
NEI SCONTO. nee sua 2 l H 

d rre 16 34 17 


In the third generation, 3 of the extracted selfs bred together 
and with a pure self produced 15 young, of which 14 were selfs 
and 1 was slightly marked with white on the tip of the left paw. 
The matings were as follows :— 


TABLE 28. 
Extracted Selfs x Selfs (F,). 
Matings. Self. Marked. Dutch. 
ES 30 5S 26 eee 6 0 0 
ES 365415 26 7 3 1 0 
HS 36 x 94/ —— ee 5 0 0 
Total cac 14 1 0 


4 of the extracted Dutch bred together have so far given 10 
youvg, all Dutch-marked. The matings were :—E D 53 x E D 37 
gave 6 Dutch, and ED 54x ED 41 gave 4 Dutch. 3 of the 
extracted marked individuals bred together and with hybrids 
gave 17 young, of which 3 were selfs, 12 were marked, and 2 
were Dutch. The matings were:—E M 29 x M. 10 gave 0 selfs, 
4 marked, and 1 Dutch; E M. 29 x E M. 27 gave 1 self, 3 marked, 
and 1 Dutch; S 7 x E M 28 gave 2 selfs, 5 marked, and O Dutch. 
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The Appearance of the Dutch Markings. 


The appearance of the true Dutch markings in the second 
generation of the marked line only was as interesting as it 
was unexpected, especially as there had been no Dutch-marked 
individual in the ancestry of either the original self-coloured 
Belgian or the white Angora for at least 8 generations, and 
probably many more. The fact that these Dutch-marked indi- 
viduals appeared in about the proportion of one quarter, and 
bred true at once, was very significant. From the Mendelian 
point of view, the results pointed to the conclusion that No. 3 
albino Angora gave off gametes carrying the factor for Dutch 
markings, and that these gametes, uniting with the pure self 
gametes of No. 4 self-coloured Belgian, gave rise to the slightly 
marked hybrids of the first generation. Ordinary Mendelian 
segregation apparently took place in the gametes of these inter- 
mediate hybrids, giving rise to gametes for self-colour and 
gametes for Dutch markings in about equal numbers, with the 
result that in the second generation there were one quarter pure 
self, one half hybrid marked, and one quarter pure Dutch. In 
order to test this conception experimentally, a pure self-coloured 
doe (No. 46) was mated with a pure Dutch buck (No. 51), giving 
5 young all slightly marked with white, like the marked hybrids 
of the first generation between the original albino No. 3 and the 
self-coloured No. 4. 

No. 3 albino was then mated with the same pure Dutch buck 
(No. 51), giving 11 young, all of which had the true Dutch 
markings; showing that this albino was indeed giving off gametes, 
carrying the factor for Dutch markings only. 

The other albino No. 2 (which mated with the self-coloured 
No. 1 gave the self line) was mated with a pure Dutch-marked 
doe (No. 52, bred out of the same litter as No. 51), giving 5 
young, all slightly marked with white, and none with the full 
Dutch Aa oes; showing that this albino was giving off gametes 
carrying the factor for self-colour only. 

The above results go to show that pure-bred albinos carry the’ 
latent factors for self-colour and for Dutch markings. i 

The extracted albinos were also tested to some extent; and, so 
far as the experiments go, it appears that they also carry the’ 
latent factors for self-colour and Dutch markings. 

Thus in the self line, 3 extracted albinos, Nos. 14, 34, and 45, 
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so far as tested, appear to carry the self factor only, for mated 
with pure selfs they gave 16 young, all selfs, and mated with 
pure Dutch they gave 6 young, all slightly marked. 

In the marked line, No. 39, extracted albino, appears to carry 
the self factor only, for mated with a pure Dutch it gave 10 
young, all slightly marked; while the 2 extracted albinos, Nos. 15 
and 16, appear to carry both the self and Dutch factors, for 
mated with pure selfs they gave 7 selfs and 3 slightly marked, 
and mated with pure Duteh they gave 10 Dutch and 9 marked. 

So far as they go, therefore, the above results point to the 
following conclusions :— 

(1) That both pure-bred and extracted albinos may carry the 
factors for self-colour and Dutch markings. 

(2) Some of the albinos carry the self factor, others the 
Dutch factor only, and others, again, both the self and Dutch 
factors. 

(8) The factors for coat-pattern remain latent when albinos 
are mated together, but become patent when the albinos are 
mated with normal individuals. 

(4) The coat-pattern characters—unlike the previous cha- 
racters dealt with—are neither dominant nor recessive towards 
one another, but when crossed give intermediate hybrids in the 
first generation. In the second and third generations, however, 
these characters appear to follow the ordinary Mendelian rules 
of segregation and gametic purity. 

(5) The Dutch markings, which made their appearance in the 
second generation of the Belgian-Angora cross, appear to have 
been introduced by one of the albino Angoras (No. 3) and not 
the other (No. 2). 

(6) The Dutch-marked rabbit would appear, therefore, to be 
a distinct mutation, rather than a partial albino caused by im- 
perfect segregation. Similarly, the slightly marked forms are to 
beregarded as variable hy brids between the Dutch-marked and the 
self-coloured, rather than the result of varying imperfections of 
segregation from albinism. 

These conclusions, arrived at from experiments with Rabbits, 
in some respects appear to be similar to those already ob- 
tained by Prof. Cuénot with Mice, while in other respects they 
seem to differ. Both results are in agreement so far, that the 
“ panachure ” in mice and the Dutch markings in rabbits are unit 
characters in heredity following the ordinary Mendelian rules of 
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segregation and gametie purity. Both agree, too, in the con- 
clusion that these factors appear to be carried by albinos in a 
latent state. 

The * panaehure " in mice, however, seems to differ from the 
Dutch markings in rabbits, in so far that it appears to be com- 
pletely recessive to self-colour or uniform coat; while, on the 
other band, the Dutch markings, so far as observed, are neither 
recessive nor dominant to self-colour, giving variable hybrids, the 
majority of which have white markings tending towards Dutch 
markings. Occasionally, however, self-coloured hybrids appear, 
but, so far, no true Dutch-marked. 

Another apparent difference between the ** panachure ” in mice 
and the Dutch markings in rabbits is that the latter seem to be 
more definite in character, with the pigment more localized than 
in the variable spotted mice. Further experiments with Dutch 
rabbits are now in progress in order to work out, if possible, 
some of these interesting details. 

As will be seen from the list of references, the literature 
relating to the heredity of coat-colour in mice has been very 
extensive during the past two years, and space will not allow 
any detailed references to the important experiments of 
Cuénot, Darbishire, and Allen, and the valuable work of Bateson 
and Castle in the Mendelian interpretation of present and past 
records. Judging from my experience with rabbits, I am inclined 
io think that most, if not all, of the various complications and 
diffculties met with in the various experiments with mice 
may be interpreted by means of the simple Mendelian principles 
(bearing in mind the important results gained by Cuénot, in 
regard to the carrying of latent factors by albinos) without 
recourse to such interesting though complicated conceptions as 
mosaic gametes and resolution of compound characters. 


, 


SUMMARY. 


Experiments in crossing Belgian rabbits with albino Angoras, 
and the subsequent interbreeding of the hybrids, have demon- 
strated the existence of 4 pairs of unit characters, viz. :—(1) Short 
and Angora coat; (2) Normality and albinism; (3) Grey and 
black coat; (4) Self-colour and Dutch markings. Each of these 
pairs is inherited independently of the other, so that all kinds 
of combinations oecur among the offspring (see Table 29, p. 320). 
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The first two pairs of unit characters, short and Angora coat, 
normality and albinism, have been fully investigated, and in 
their heredity are found to follow Mendel’s original Pisum type 
in regard to dominance, segregation, and gametie purity. 

Short and Angora coat.—The Angora coat is recessive to short 
coat in the first generation, segregates in Mendelian proportions 
in the second generation, and breeds true in the third generation. 
notwithstanding its dominant short-coated ancestry. 

The short coat is dominant over Angora coat in the first 
generation, and segregates in Mendelian proportions into two 
breeding forms in the second generation—pure and hybrid. 

The pure form breeds true in the third generation, notwith- 
standing its Angora ancestry, while the hybrid form gives a 
mixture of shorts and Angoras in Mendelian proportions. 
Owing to dominance, the pure and hybrid shorts are indistin- 
guishable in appearance, and can only be determined definitely 
by experimental breeding. 

Normality and Albinism.—Albinism is recessive to normality 
in the first generation, segregates in Mendelian proportions in 
the second generation, and breeds true in the third generation, 
notwithstanding its dominaut normal ancestry. 

Normality is dominant over albinism in the first generation, 
and segregates in Mendelian proportions into two breediug 
forms in the second generation—pure and hybrid. 

The pure form breeds true in the third generation, notwith- 
standing its albino ancestry, while the hybrid form gives a 
mixture of normals and albinos in Mendelian proportions. Owing 
to dominance, the pure and hybrid normals are indistinguishable 
in appearance, and can only be determined definitely by experi- 
mental breeding. 

The investigation of the two remaining pairs of unit characters, 
grey and black coat, self-colour and Dutch markings, is not yet 
completed. So far as the experiments go, however, the following 
results appear :— 

Grey and black coat.—Black is recessive to grey in the first 
generation, segregates in Mendelian proportions in the second 
generation, and breeds true in the third generation, notwith- 
standing its grey ancestry. 

Grey is dominant over black in the first generation, and 
appears to segregate into two breeding forms in the second 
generation —pure and hybrid. 
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The apparently pure grey has so far bred true in the third 
generation, but the numbers are not yet sufficient to test 
the matter definitely. The hybrid greys give a mixture of greys 
and blacks in Mendelian proportions. Owing to dominance, 
the pure and hybrid greys are indistinguishable in appear- 
ance, and can only be determined definitely by experimental 
breeding. 

In regard to the greys, an interesting complication was 
observed. The original grey used was a pure yellow-grey, con- 
taining more yellow pigment and less black than the ordinary 
wild grey. The greys of the first, second, and third generations 
were all wild greys, and, so far, there has been no return to the 
original pure yellow-grey. 

Self-colour and Dutch markings.—So far as the experiments 
go, these characters appear to be neither dominant nor recessive 
to one another, but give variable intermediate marked hybrids in 
the first generation. Segregation into the three forms in Men- 
delian proportions, however, takes place in the second generation, 
and, so far, the extracted self-coloured and Dutch-marked forms 
have bred true in the third generation, while the intermediate 
marked hybrids give the three forms again in accordance with 
the Mendelian principles. 

Latent factors in Albinos.— With regard to simple albinism, 
albinos of any ancestry so far breed true, the factor for normality 
being apparently eliminated in accordance with the Mendelian 
principles. 

With regard to characters other than albinism, but compatible 
with it, such as short and Angora coat, these are carried by 
albinos in either a patent or recessive state. With regard to 
characters other than albinism, but incompatible with it, such 
as grey and black coat, self-colour and Dutch markings, these 
are also apparently carried by albinos, but in a latent state 
only. 

Grey and black coat.— Albinos of the same ancestry extracted 
from hy brid greys, containing recessive black, so far appear to be 
of two kinds, viz. :—albinos carrying black, and albinos carrying 
grey and black. 

Pure-bred albinos, with all albino ancestors for at least eight 
generations, and probably many more, so far appear to be of the 
same two kinds. 
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Experiments have not yet been carried out to test whether 
certain albinos carry grey only. 

Self-colour and Dutch markings.—Albinos extracted from self- 
coloured parents appear to carry the latent factor for self-colour 
only, while albinos extracted from marked hybrids containing 
the self and Dutch factors appear to be of two kinds, viz. :— 
albinos carrying self-colour, and albinos carrying self and 
Dutch. 

Experiments have not yet been carried out to test whether 
extracted albinos carry Dutch only. 

Pure-bred albinos with all albino ancestors for at least eight 
generations, and probably many more, so far appear to be of the 
three kinds, viz. :—albinos carrying self only, albinos carrying 
Dutch only, and albinos carrying both self and Dutch. All these 
latent factors for coat-colour and coat-pattern apparently carried 
by albinos do not become patent until the albino is bred with a 
normal or coloured form, presumably because they are incom- 
patible with albinism. Nevertheless, in their latency, they 
appear to segregate gametically in albino matings as in normal 
matings, following the ordinary Mendelian rules of segregation 
and gametie purity. 

These results confirm, and extend to rabbits, results already 
obtained by Prof. Cuénot in mice, though it would appear that 
the heredity of Dutch markings in rabbits differs in some respects 
from that of the ** panachure " in mice. 


Mendelian Analysis of individual Rabbits used in 
the Experiments. 


The following table gives a list of 45 individual rabbits that 
have been analysed 1n these experiments in accordance with the 
Mendelian principles. First is given the Stud No. of the 
individual, the sex, the parentage, and the somatic characters 
somewhat abbreviated. Underneath is given the gametic con- 
stitution of the individual as determined in these experiments, 
the gametic factors being expressed in the same terms as the 
somatic characters above. 


No. 


No. 


No. 


NO. 


9. 


. 10 


. 11. 


12 


. 15. 


. 17 


18 
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TABLE 29. 


Ọ (Pure Belgian): Short, normal, grey, self. 
GaMETES: Short, normal, grey, self. 
d (Pure Angora) : Angora, albino, white. 
GaMETES : Angora, albino, black, self. 
9 (Pure Angora): . Angora, albino, white. 
GaMETES : Angora, albino, arey § black, Dutch. 
d (Pure Belgian) : Short, normal, grey, self. 
GAMETES : Short, normal, grey, self. 
9 (1 x 2) : Short, normal, grey, self. 
GAMETES : Short & Angora, normal § albino, grey & black, 
self. 
© (8 x 4): Short, normal, grey, self. 
GametEs: Short § Angora, normal § albino, grey, self. $ 
Duich. 
9 (3x 4): Short, normal, grey, marked. 
GAMETES: Short $ Angora, normal § albino, grey & black, 
self § Dutch. 
9 (3 x 4) : Short, normal, grey, marked. 
GAMETES : Short § Angora, normal & albino, grey & black, 
self § Dutch. 
. d (9 X 4): Short, normal, grey, marked. 
GAMETES : Short & Angora, normal & albino, grey § black, 
self $ Dutch. 
9 (1x 2): Short, normal, grey, self. 
GAMETES : Short & Angora, normal & albino, grey & black, 
self. 
. d (1x2): Short, normal, grey, self. 
GAMETES : Short & Angora, normal & albino, grey & black, 
self, 


. 14. d (5 x 2): Short, albino, white. 


GamMETES: Short & Angora, albino, black, self. 
9 (8 x 2): Angora, albino, white. 
GAMETES : Angora, albino, grey & black, self & Dutch. 


.16. 9 (7 x2): Angora, albino, white. 


GAMETES : Angora, albino, grey & black, self § Dutch. 
. 9 (7 X 2): Short, normal, grey, self. 
GAMETES : Short § Angora, normal & albino, grey & black, 
self. 
. 9 (7 X 2): Short, normal, grey, self. 
GaAMETES : Short § Angora, normal & albino, grey & black, 
self. 


No. 


219. 


. 20. 
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9 (5 x 2): Short, normal, black, self. 

GaMETES : Short $ Angora, normal § albino, black, self. 
9 (5 x 2): Angora, normal, black, marked. 

GAMETES : Angora, normal & albino, black, self. 


. 9 (5 x 2): Short, normal, black, marked. 


GAMETES : Short & Angora, normal § albino, black, self. 


. 9 (1 X 4): Short, normal, grey, self. 


GAMETES : Short, normal, grey, self. 


. 2 (8 X 2): Angora, albino, white. 


GAMETES : Angora, albino, grey & black, self § Dutch. 


. d (8x2): Angora, albino, white. 


GAMETES : Angora, albino, black, self & Dutch. 


. d (1x 4): Short, normal, grey, self. 


GAMETES : Short, normal, grey, self. 


. 6 (11 x 12): Angora, normal, grey, self. 


GAMETES : Angora, normal § albino, grey § black, self. 


. d (9x 10): Short, normal, grey, marked. 


28. 


. 35 


. A9. 


. 30. 


. 91. 


. 32. 


. 33, 


o e$ 


GAMETES : Short § Angora, normal § albino, grey & black, 
self §& Dutch. 
d (9 x 10): Short, normal, black, marked. 
GAMETES : Short § Angora, normal, black, self $ Dutch. 
9 (9 x 10): Short, normal, grey, marked. 
GAMETES : Short & Angora, normal & albino, grey & black, 
self § Dutch. 
9 (11 x 12): Short, normal, grey, self. 
GAMETES : Short, normal, grey & black, self. 
9 (11 x 12) : Short, normal, grey, self. 
GAMETES : Short § Angora, normal § albino, grey & black, 
self, 
9 (11 x 12) : Short, normal, grey, self. 
GaMETES : Short, normal, grey & black, self. 
9 (11 x 12): Angora, normai, black, self. 
GAMETES: Angora, normal & albino, black, self. 
9 (11 x 12) : Short, albino, white. 
GAMETES : Short, albino, grey & black, self. 
9 (9 x 10) : Short, normal, grey, self. 
GAMETES : Short & Angora, normal, grey & black, self. 


. 36. 9 (9 x 10): Short, normal, grey, self. 


GAMETES : Short, normal & albino, grey, self. 


No. 37. d (7 x 10): Angora, normal, grey, Dutch. 


GAMETES : Angora, normal § albino, grey, Dutch. 
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No. 88. d (7 x 10) : Short, albino, white. 
GAMETES : Short, albino, grey & black, self. 
No. 39. 9 (7 x 10): Short, albino, white. 
GAMETES : Short & Angora, grey $ black, self. 
No. 41. g (3 x 10): Angora, normal, black, Dutch. 
GAMETES : Angora, normal & albino, black, Dutch. 
No. 42. 9 (8x 2): Angora, normal, grey, self. 
GAMETES : Angora, normal & albino, grey § black, self. 
No. 48. 9 (1 x 12): Short, normal, grey, self. 
GAMETES: Short, normal, grey, self. 
No. 44. 9 (1 x 12): Short, normal, grey, self. 
GAMETES : Short & Angora, normal, grey § black, self. 
No. 45. 9 (5 x 2) : Short, albino, white. 
GAMETES : Short § Angora, albino, black, self. 
No. 50. 9 (Pure Angora): Angora, albino, white. 
GAMETES : Angora, albino, grey & black, self. 
No. 53. 9 (7 x 10): Angora, normal, grey, Dutch. 
GAMETES : Angora, normal & albino, grey, Dutch. 
No. 54. (9 x 10): Angora, normal, black, Dutch. 
GAMETES : Angora, normal & albino, black, Dutch. 


CoNCLUSIONS. 


A study of the somatic characters and gametic factors of the 
above individuals brings out the important fact that certain 
individuals, identical in appearance and with precisely the same 
ancestry, differ, in a regular and permanent manner, in their 
breeding potentialities (e. g. Nos. 35 & 36). 

In such cases it is evident that neither the outward appearance 
of the individual nor a knowledge of its ancestry is a safe guide 
to its breeding potentialities (it is only in the case of recessive 
characters, of any ancestry, that the somais a true guide), while, 
on the other hand, as the above experiments show, a knowledge 
of its gametic constitution and of the various dominances 
provides a sure guide. 

Once the gametic formula of each individual has been deter- 
mined by Mendelian analysis, the future results of any matings 
can be foreseen with accuracy, whereas a knowledge simply of 
the somatic characters of an individual and its ancestors is 
altogether unavailing. 

The true measure of heredity therefore is neither the somatic 
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character of the individual nor of its ancestors, but its gametic 
constitution, and, in our present state of knowledge, this can 
only be determined by experimental breeding on Mendelian 
lines. 
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POSTSCRIPT. 
The Mendelian Principles of Heredity. 
The classical experiments with Peas completed by Mendel in 
1865 led him to the following conceptions of heredity *. 
* For English translation of Mendel’s papers and further details see 
Bateson’s ‘Mendels Principles of Heredity’ (Cambridge University Press, 


1902). 
22% 
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A. plant is composed of unit characters which are represented 
in the germ-cells, or gametes, by independent factors. 

Pure breeding involves the union of like factors: (A x A 
SAA) 

Cross breeding involves the union of unlike (but corresponding) 
factors: (A x B = A B). 

Pure races give offf gametes carrying the one factor concerned : 
(A A gives off As simply). 

Hybrid races give off two kinds of gametes, on the average in 
equal numbers, each carrying one of the factors concerned in the 
crosse No gamete carries both (A. B gives off As and Bs in equal 
numbers, and no gamete carries A and B). 

This is known as gametic segregation. 

From this it follows that the offspring of the self-fertilized 
hybrids A B are of three kinds :—25 per cent. A A, 50 p. c. A B, 
and 25 p. c. B B. 

The A A; and B B;, being gametieally pure, breed true not- 
withstanding their A B origin. 

This is known as gametic purity. 

The ABs, being hybrids, breed as such, gametic segregation 
again taking place. 

When more than one pair of unit characters are concerned in 
the cross, the average result can be calculated on the above basis 
by the simple caleulus of chance. 

In his experiments Mendel encountered the phenomenon of 
dominance, z. e. when certain pairs of unit characters were crossed, 
one of the pair was always dominant over the other, which Mendel 
termed recessive: Af x B= A (B). 

This dominance of A over B in the soma caused the offspring 
of the self-fertilized hybrids to appear as 8 A: 1B. Analysis in 
the following generation, however, demonstrated their gametic 
formula to be 14 A:2A B:1BB, in accordance with the 
Mendelian principles. GC. HE 


28th February, 1905. 


